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when it rotated on its ends suddenly, as sometimes to spring
from the machine." These results could not be secured when the
balls or pins rolled on plane surfaces, and were difficult to get
when the pins were small.
The effect of the size of the pin was shown in these experi-
ments. Two angles of the same length were cut from the same
bar. One of these tested with a 2-inch ball and socket failed at
36,500 pounds per square inch; the other tested with a 1-inch
ball and socket failed at 24,010 pounds per square inch. Similar
results were obtained in other experiments.
These tests and many others show that the friction at the ends
of a hinged-end column partially fixes the ends and increases the
ultimate strength. It must be remembered, however, that in
the testing machine the loads are applied with little vibration.
In structures such as railway bridges, where there is large vibra-
tion, it is probable that the friction of the pins gives little help,                       |
and it is safest to regard hinged-end columns as equivalent to                       1
round-end columns. J
Square-end or flat-end columns end with plane surfaces in con-                       |
tact with plane surfaces. They must be accurately fitted if ec-
centric loading is to be avoided. If a beam resting on a square-
end column bends under its load (Fig. 171, II), the load on the
column becomes eccentric. Footings which support columns
often settle unevenly and cause large eccentricity.
Pin-end columns are practically square-end with respect to
the axis of the pin.
A column with a pin connection at one end and a square con-
nection at the other is called a pin-&nd-square column. This
term includes columns with one end fixed and the other hinged.
This column approximates the conditions of case IV.
Fixed-end columns are riveted to the remainder of the structure
in buildings and bridges. In machines they are fastened in vari-
ous ways. The connection can never be absolutely rigid, and
the member to which the column is fixed must suffer some de-
flection, so that there is always some change in the slope of the
tangent at the "fixed" points. When the column is very flexible
compared with the body to which it is fixed, it may then be re-
garded as an example of the ideal case and I may be taken as
equal to half the length L. In the case of the yard stick described
in Problem 2 of Article 139, the column was firmly clamped to